Summary: When referring to genes, authors often use synonyms instead of the official gene symbols. In order to accurately retrieve as many relevant documents as possible, we have developed GeneE, a web application that expands a gene query to include all known synonyms, and adds disambiguation information for ambiguous terms, before forwarding the query to either PubMed, Google or Jane. The query expansion algorithm is also available as a web service. Availability: http://biosemantics.org/geneE Contact: m.schuemie@erasmusmc.nl
INTRODUCTION
When referring to genes, authors often use synonyms instead of the official gene symbols (Chen et al., 2005) . Therefore, in biomedical information retrieval research, query expansion techniques are often employed to improve performance (see Lu et al., 2009 for a comparison of techniques). Unfortunately, gene query expansion has not yet been adopted in public search engines.
We have developed GeneE, a web application that performs gene query expansion before redirecting the user's request to either PubMed (Sayers et al., 2009) , Google or Jane (Schuemie and Kors, 2008) . GeneE is also available as a web service, allowing GeneE's query expansion to be integrated into other applications.
To minimize the effect of the many highly ambiguous terms in gene nomenclature, query expansion techniques often use term weighting. However, neither PubMed nor Google support weighted queries. Instead, we adopt the approach used in the concept-recognition software Peregrine (Schuemie et al., 2007) , in which ambiguous gene names are identified and combined with disambiguation information derived from a gene dictionary.
DICTIONARY CONSTRUCTION
We have included data from Entrez-Gene, OMIM (Sayers et al., 2009 ), UniProt (UniProt Consortium, 2009 ) and the HGNC (Bruford et al., 2008) and protein names, we have merged the information of proteins to the corresponding genes based on cross-references. Extra spelling variations were generated by converting trailing numbers to Roman numerals and vice versa (e.g. 'BRCA-2' to 'BRCA-II'), and by adding or removing hyphens before trailing numbers (e.g. 'Rnf157' to 'Rnf-157').
Filtering
Some names in the source databases are too ambiguous as a whole (e.g. the Drosophila genes 'bar' and 'ambiguous') or are composed of too ambiguous parts (e.g. 'G 4' and 'And 1'). Some are actually not gene names but information about genes (e.g. 'human'). We therefore removed terms that consist only of tokens that are shorter than three characters, numbers, Roman numerals or belong to a set of stopwords. We furthermore removed terms that were also found in the dictionary followed by a number, Roman numeral or greek letter, because these were mostly family names (e.g. 'Zinc finger protein', which is a substring of, amongst others, 'Zinc finger protein 51'). Additionally, we created for each organism three lists of terms ordered by (i) number of genes in the dictionary referred to by the term, (ii) frequency of occurrence in a sample of 100 000 MEDLINE abstracts and (iii) number of other meanings in an English dictionary. The top 250 terms of these lists were manually inspected, resulting in a list of 3582 terms that were removed from the dictionary.
QUERY EXPANSION
Gene names are considered (potentially) ambiguous if they are not the official Entrez-Gene symbol, and the dictionary contains another gene in the same organism with the same name, or the gene name is shorter than six characters and does not contain numbers. Ambiguous terms are combined in an AND query with keywords. Keywords are words in multi-word synonyms that appear infrequently (n < 1000) in the dictionary. The AND query is combined with the query containing all non-ambiguous names. Nonalphanumeric characters are removed, and the query is truncated to the length allowed by the search engine by removing names from the query until the proper length is reached. For queries to PubMed, the search field is explicitly set to [All fields]. This has the effect of bypassing PubMed's own query expansion, which we found to reduce precision. Figure 1 shows an artificial example of an expanded query. PSA is a synonym of KLK3, and is considered ambiguous because it is only three characters long (in fact, PSA is highly ambiguous, and can even stand for 'Poultry Science Association'). PSA is required to appear with a keyword specific to its gene meaning.
WEB APPLICATION
At the GeneE web site, users can specify which search engine to use, and enter a gene or protein name or other identifier. GeneE will show the list of all genes known by that name or identifier, and the user can select one of these. The gene name can be combined with other terms including other gene names (e.g. 'PSA AND BRCA1'). There is an option to expand the gene query further with the organism name. When pressing 'GeneE search', the query is expanded, and the user is redirected to the selected search engine.
EVALUATION
Most of the available gene information retrieval test sets such as the TREC genomic sets require relevance ranked results for proper evaluation. However, PubMed returns results ranked in reverse chronological order, making evaluation using these sets less meaningful. We therefore used the gene name identification test set from the BioCreative II competition (Morgan et al., 2008) , and turned it into an information retrieval test set: each of the genes in our dictionary (limited to the human genes documented at the time of the competition) was used as a query, and the results were limited to the 262 document IDs in the set. To reduce the large number of queries to PubMed (20 009 queries for each of the five conditions that we wanted to compare, see below), we first queried a local Lucene search engine (Gospodnetic and Hatcher, 2005) set to mimic PubMed. 1 In all, 1327 queries produced a hit in at least one condition, and were subsequently used on PubMed. For verification, we added a random selection of 1000 queries that did not produce a hit in Lucene. The following conditions were compared:
• EntrezGenePref : using only the official gene symbol from Entrez-Gene.
• EntrezGeneSyns: including all synonyms from Entrez-Gene.
• AllSyns: including all synonyms in our dictionary.
• NonAmbSyns: including only non-ambiguous synonyms from our dictionary.
• AllSynsDisamb: including all synonyms and the disambiguation information. Table 1 shows the overall precision, recall and F-score for each condition. None of the random 1000 queries produced a hit in PubMed, and the results on Lucene and PubMed were similar. 
DISCUSSION
As the results show, adding names from Entrez Gene to the query strongly increases recall but at the cost of reduced precision. The combination of source databases and subsequent filtering leads to an increase in both precision and recall. Removing ambiguous synonyms gives the highest precision but low recall. Combining the ambiguous symbols with the disambiguation information gives the best overall result in terms of F-score. The approach described here is somewhat limited because PubMed and Google are both case insensitive, thus increasing the ambiguity of some gene names such as 'ACHE' and 'WAS'.
To our knowledge, GeneE is the first publicly available gene query expansion tool, and the first to use disambiguation information extracted from the dictionary itself. The dictionary behind GeneE will be updated regularly. Conflict of Interest: none declared.
